











Macro and micro issues  
related to natural resource-
based economic growth* 
Jorge Katz 
RESUMO
O olhar de Fabio sobre a economia foi fortemente moldado pela for-
ma como ele entendia as interações macro/micro e a economia política 
do mundo da manufatura. Este artigo examina alguns desses assuntos 
que eu, pessoalmente, teria gostado de discutir com ele. O crescimen-
to baseado nos recursos naturais que decorre da ampla exportação de 
commodities industriais tem se tornado objeto de acalorado debate en-
tre os economistas. Enquanto alguns consideram tal estratégia uma 
"maldição", por forçar o mercado a depender muito mais da volatilidade 
dos preços mundiais das matérias-primas e, portanto, deixá-lo mais expos-
to a turbulências externas, outros apontam para o fato de que os setores 
de processamento de recursos naturais proporcionam um caminho precio-
so para a introdução de novas tecnologias, abrindo, assim, uma janela de 
oportunidade para as atividades intensivas em conhecimento nas áreas 
de biotecnologias, máquinas e equipamentos, logística etc. Consequên-
cias macro e microeconômicas resultam do crescimento da exportação de 
commodities baseadas em recursos naturais. A literatura especializada já exa-
minou tais consequências sob nomes exóticos, como "Doença Holandesa" 
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e a "Tragédia dos Comuns". Impulsionados pela expansão rápida da de-
manda chinesa por commodities industriais, muitos países da América La-
tina conseguiram registrar um crescimento significativo durante essa últi-
ma década. Argentina, Brasil e Chile são três grandes exemplos que serão 
comparados neste trabalho.
ABSTRACT
Fabio’s way of looking at Economics was strongly shaped by the way in 
which he understood macro-to-micro interactions and the political econ-
omy of the world of manufacturing. This paper examines some of these 
topics which I would have certainly enjoyed discussing with him. Natu-
ral resource based growth resulting from expanding exports of industrial 
commodities has been the subject of heated debate among economists. 
While some of them consider such strategy a "curse" due to the fact 
that it makes the economy more exposed to the volatility of world pric-
es for raw materials and therefore more exposed to externally induced 
turbulence, others point out to the fact that natural resource processing 
industries provide a valuable road for the introduction of new technolo-
gies opening up a "window of opportunity" for skill intensive activities 
in biotechnologies, machinery and equipment, logistics and more. Macro 
and microeconomic consequences result from expanding exports of nat-
ural resource based commodities. Specialized literature has examined said 
consequences under such exotic names as the "Dutch Disease" syndrome 
and the "Tragedy of the Commons". Propelled by the rapid expansion of 
Chinese demand for the industrial commodities, many countries in Latin 
America have attained significant growth over the past decade. Argenti-
na, Brazil and Chile constitute three major examples whose comparison is 
undertaken in this paper. 
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FABIO
Lifelong consistency with one's own ideals and values is probably one of 
the more important – and harder to achieve – qualities human beings 
can have. This is exactly how I come to think of Fabio, as a warm, consis-
tent person, capable of maintaining over his lifetime his ideals for a better 
world, for a more egalitarian Brazil. He thought of Economics as providing 
a tool box to help us achieve just that, a more humane model of econom-
ic development capable of simultaneously delivering growth and equity. 
Over the years, as many of us did, he grew increasingly annoyed by the 
fact that it was not just a matter of good research and analytical thinking 
but a more difficult political economy puzzle most countries in the world 
just cannot come around easily to solve. He never claudicated to the for-
malities and established conventions of the profession and maintained to 
the last moment his eclectic way of looking at things, bluntly putting his 
views to his audience without expecting applause. This is the way I remem-
ber him, as an honest, profound and hard-working colleague. This paper 
is dedicated to his memory, to the wonderful person he was, and to the 
many good moments we spent together.
Fabio’s way of looking at economics was strongly shaped by the way 
in which he understood macro-to-micro interactions and the political 
economy of the world of manufacturing. When development is based 
upon the exploitation of natural resources many new questions come to 
the fore which specialized literature explores under such exotic names as 
the "Dutch Disease" or the "Tragedy of the Commons". Here is a paper 
examining some of these topics which I would have certainly enjoyed 
discussing with Fabio. 
The impact of growing on the basis of natural resources has engaged 
economists for many years now and from various different perspectives. 
J. Sachs and A. Warner were among the first to argue that the availability 
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of rich natural resources might turn up to be a "curse" that could retard 
the process of economic growth. According to these authors it makes the 
economy more strongly to depend upon the volatility of world prices for 
raw materials and therefore more prone to externally induced turbulence. 
It favors the appreciation of the local exchange rate, triggering recurrent 
episodes of the so called Dutch Disease. It retards the evolution of the local 
production structure into more knowledge intensive activities due to the 
significant productivity differentials which prevail between natural resource 
processing industries, on the one hand, and engineering intensive sectors on 
the other. Furthermore, natural resource processing industries are normally 
highly capital intensive and should not be expected to create much employ-
ment. Many of these ideas are at the basis of the thinking of authors such as 
R. Prebisch and H. H. Inger and provided the foundation for a large body of 
literature emerging from ECLAC, the Economic Commission for Latin Amer-
ica and the Caribbean of the United Nations, that worried about falling 
terms of trade and also about the benefits of technical progress in primary 
production being transferred from the periphery to the center. 
On the other hand, and inspired by the experience of countries such 
as Finland, Sweeden or Denmark, other scholars have pointed out to the 
fact that natural resource processing industries provide a suitable route 
for the introduction of sophisticated process technologies upstream and 
downstream of the resource itself, opening many "windows of oppor-
tunity" for the expansion of skill intensive activities in intermediate in-
puts and services [Lundvall (2004)]. Biotechnologies, digitalized process 
control equipment, agrochemicals, vaccines, and more belong in this set 
of skill intensive activities that might develop in association with the ex-
pansion of natural resource processing sectors. Recent research in Lat-
in America provides support to this argument showing that significant 
advances have been attained by Argentina, Brazil, Uruguay and other 
countries in biotechnologies, genetics – animal cloning, genetically mod-
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ified (GM) seeds, and more – opening up new "windows of opportuni-
ties" for the future [Bisang (2007)]. 
Beyond "blessing" or "curse", other topics need be mentioned which 
have not so far received much attention in the literature concerned with 
natural resources [Katz & Iizuka (2011)]. The first one has to do with the 
relationship between natural resources and environmental sustainability. 
The second one refers to the fact that natural resources frequently belong 
in the category of "commons" where the risk of over-exploitation – as 
discussed by G. Hardin in his famous parable of the "Tragedy of the Com-
mons" [Hardin (1968)] constitutes a likely possibility. Finally, it is important 
also to notice that recent advances in genetics and biology, in immunology 
and health sciences and in the understanding how DNA recombination 
works, is opening a new way of looking at natural resources which Lat-
in-American countries should certainly explore in the years to come. 
The second section of this paper looks at new macro questions result-
ing from the growing specialization in Latin American countries exhibit in 
industries and activities related to the exploitation of natural resources. 
The third section deals with many micro questions of industrial organiza-
tion and environmental sustainability related to a rapidly expanding rate of 
exploitation of the region’s natural resources. 
THE DUTCH DISEASE SYNDROME AND OTHER 
MACRO ISSUES RELATED TO NATURAL RESOURCE 
BASED GROWTH IN LATIN AMERICA
The past decade has witnessed inflation targeting macroeconomic policy 
regimes being adopted by many countries in Latin America, as well as 
their corollary: floating exchange rates. Chile, Brazil, Mexico, Colombia 
and Peru can be seen as examples of this policy option while Argentina 
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opted instead for a managed exchange rate regime after abandoning the 
dollarization of the economy in 2001. We can ask ourselves how have 
these two macroeconomic policy regimes performed in terms of growth, 
exports, employment and international competitiveness. 
Frenkel and Fanelli (1996) compared the trade liberalization experience of 
Brazil and Argentina in the 1990s. Both countries had very similar conditions, 
except for the fact that the Brazilian Real was undervalued and stable, while 
the Argentine Peso was overvalued and appreciating. Brazilian exports grew 
fast while Argentine exports remained stagnant. Exactly the opposite happened 
more recently, and the outcome has been quite similar: Argentinean manu-
facturing exports grew fast between 2003 and 2008 while Brazilian manu-
facturing exports lost ground in world markets as a consequence of currency 
appreciation [Albrieu (2011)]. Looking at a broader sample of cases, Frenkel and 
Rapetti (2010) conclude that the real exchange rate (RER) "has had a significant 
influence on the macroeconomic performance of Latin American countries."
Thus, received literature shows that RER affects the growth perfor-
mance of the economy, also having a significant impact upon the evolv-
ing structure of Gross Domestic Product (GDP) and exports. If we follow 
the reasoning into the micro, we might also notice that RER affects new 
company entry and innovation efforts leading to expanding into foreign 
markets. 
On the other hand, overvaluation of the local currency has the reverse 
effect. Furthermore, if the appreciation of the local currency persists for 
some time, it might even have an irreversible negative impact upon the 
structure of the economy as well as upon international competitiveness, 
as investment in new production capacity and in innovation might be post-
poned or be biased against knowledge intensive sectors. 
Open economies macroeconomic management confronts us with the 
so called "trilema" or "impossible trinity" as Nassif, Feijó and Araújo (2011) 
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have called the difficulty governments face to choose between different de-
grees of autonomy in monetary policy, foreign exchange intervention and 
capital mobility. The logic of the Mundell Fleming model indicates that the 
choice of the exchange rate regime affects the way in which domestic prices 
and the balance of payments are maintained in equilibrium. As Nassif, Feijó 
and Araújo (2011) argue: 
In an ideal world with free capital mobility it is assumed that a floating ex-
change rate regime can absorb external shocks without affecting the level of 
international reserves making the country less vulnerable to exchange rate crisis 
and speculative attacks (p. 8). 
With an open capital account and a floating exchange rate regime, 
the authorities can stabilize the domestic price level through monetary 
policy acting upon the interest rate and aggregate demand, but cannot 
simultaneously have under control the exchange rate. If RER appreciates, 
it might end up affecting the structure of the economy by diminish-
ing the relative competitiveness of more knowledge intensive activities 
which we can assume to be located further away from the international 
productivity frontier. 
The perception that the appreciation of the real exchange rate might 
have a stronger negative impact upon industries which lag further be-
hind the international productivity frontier turning them less compet-
itive in world markets induced Luiz Carlos Bresser Pereira, Fabio Erber, 
E. Pacheco and other Brazilian economists to consider the possibility of 
multiple equilibria for RER if public policy regards the catch up with the 
international frontier as a major national objective. Fabio Erber strong-
ly argued that an adequate RER could facilitate the economy to attain 
faster growth and that industrial policies should simultaneously be used 
to induce the catch up with the frontier in more knowledge intensive 
activities [Pereira (2010); Erber (2011)].
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A different way of putting the case would be argued that a SCRER – 
stable and constant real exchange rate – might not be a strong enough 
policy intervention to induce firms in more knowledge intensive activities – 
which lag further behind the international technological frontier – to 
undertake innovative efforts, and absorb the uncertainties, associated 
with catching up with the international state of the art. If this were the 
case, the government can resort to sector-specific instruments – i.e. to 
an industrial policy – to induce catching up with the frontier in knowl-
edge-intensive activities. The history of the Korean or Taiwanese "catch 
up" can be seen under such light [Rasiah (2007)]. Sector specific sub-
sidies and incentives were used in addition to a SCRER to induce firms 
to undertake "abnormally" risky and uncertain investment and inno-
vation decisions [Lee (2011)]. Latin American governments have been 
reluctant to adopt this view during the past decades due to ideological 
limitations imposed by Washington Consensus thinking and have in-
stead resorted to "neutral" price incentives such as tax reductions on 
R&D expenditure or grants for human capital upgrading. Unfortunately 
there is little evidence suggesting that neutral interventions have been 
successful inducing Latin American firms entering into more knowl-
edge intensive activities. 
At this point of the argument we should perhaps notice that for 
well over a decade now natural resource-based commodity prices have 
been experimenting a steady upward trend in world markets. The trend 
is stronger in gas and petroleum, followed next by minerals and lastly 
by grains and foodstuffs [Jenkins (2011)]. Although the upward trend 
was negatively affected in 2009 by the international financial crisis, it re-
turned thereafter, as Figure 1 shows. Associated to this upward trend in 
commodity prices, terms of trade have improved and foreign exchange 
reserves accumulated in Argentina, Brazil, Chile, Colombia, Peru, Uru-
guay, Bolivia and Paraguay.
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Source: Katz & Bernat (2011).
During the "inward-oriented" period of growth – in the immediate 
post-war years – Latin American governments intervened in episodes of 
this sort neutralizing the domestic impact of increasing commodity prices 
by augmenting taxes on primary exports, and also using special incentives 
for non-traditional exports or multiple exchange rates. Said instruments of 
direct intervention have been phased out in the current orthodox stage of 
macroeconomic management, leaving the external sector of the economy 
solely to depend upon fiscal, monetary and exchange rate policies. This is 
where the "Trilema" or the "impossible trinity" enters the current Latin 
American debate. Most countries opted for an inflation targeting regime, 
aiming at keeping inflation at bay and, simultaneously, maintaining an 
open capital account searching for international credibility and for the ap-
proval of risk rating agencies. This involved accepting a floating exchange 
rate as part of the macroeconomic policy regime. A critical Fabio Erber can 
be remembered as negatively reflecting upon this macropolicy regime in 
recurrent opportunities. 
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Consider now the case of Argentina which opted for a different course 
of action. After devaluating its currency, Argentina adopted a fixed rate 
regime looking for more degrees of freedom in monetary and fiscal policy. 
How have these two regimes performed during the past decade? In look-
ing at this question we now make use of the results we obtained in a joint 
research carried out with Gonzalo Bernat from the University of Buenos 
Aires, and published in the International Journal of Institutions and Econ-
omies [Katz & Bernat (2011)].
After leaving the Currency Board Regime in 2001 Argentina opted for a 
SCRER which induced the expansion of GDP, exports and employment as well 
as the accumulation of foreign reserves. Figure 2 shows the evolution of the 
exchange rate in Argentina, after abandoning the Currency Board regime.

















































































































































































Source: Katz & Bernat (2011).
At variance with the case of Argentina, Brazil and Chile allowed their 
currency to float. Both currencies appreciated, strongly in the case of Brazil 
and somewhat less in the case of Chile, as we notice in Figure 3.
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Figure 3: Argentina, Brazil and Chile, alternative regimes of 
macroeconomic management










































Source: Katz & Bernat (2011).
The observed differences in exchange rate management had important 
consequences for the global functioning of these three economies. 
Manufacturing exports increased faster in Argentina than in Brazil and 
Chile. The accumulated growth of exports between 2003 and 2010 was 
higher in Argentina (59.4%) than in Brazil (34.6%) and in Chile (25.4%) 
[Katz & Bernat (2011)]. In line with expectations concerning the impact of 
the Dutch Disease syndrome, both Brazil and Chile show negative export 
figures in 2007-2010 – 4.9% and 5.8% respectively – while Argentina 
maintained a 15.4% growth rate over the same period. 
The falling competitiveness of Brazilian and Chilean exports and the 
displacement of domestically-produced goods by imported substitutes af-
fected the growth performance of industry. In effect, manufacturing in-
dustry posted an 8.1% annual growth rate in Argentina between 2004 
and 2008, while manufacturing in both Brazil and Chile expanded 3.8% 
over the same period. Only a few medium tech sectors – like the vehicle 
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industry – expanded fast in Brazil, while much of manufacturing produc-
tion remained stagnant. Low tech sectors such as shoes and garment, pre-
viously quite significant in Brazilian exports, could not resist the simultane-
ous impact of the appreciation of the real exchange rate and the irruption 
of Chinese competition in world markets, and significantly reduced ex-
ports [Katz & Bernat (2011)].1
On the other hand, it is important to notice that the GDP growth bonan-
za 2002-2008 did not induce Argentine entrepreneurs into a more pro-ac-
tive investment and innovation behavior – neither did the government try 
to coach firms in that direction through explicit industrial policies – which 
would have involved using the increase in unit gross margins they were 
receiving after the devaluation, for the construction of more modern and in-
ternationally competitive production facilities. In this sense it can be said that 
a SCRER was not enough to induce Argentine firms into stronger technolog-
ical efforts which might have allowed them somewhat to close the gap with 
the international productivity frontier. Neither did the government resort to 
a more pro-active industrial policy of the type used by Korea in the 1980's, 
aiming at developing more knowledge intensive sectors in the economy. 
The 2008-2009 international financial crisis affected Argentine exter-
nal balance, as can be seen in Figure 4. This forced the government to call 
for Central Bank financing of the (still expanding) fiscal expenditure and 
the service of the external debt. In other words, the government resorted 
to the inflationary tax to cover the negative evolution of the external sec-
tor of the economy, trying not to lose international reserves. This involved 
the abandoning of the SCRER regime which had induced the rapid expan-
sion of GDP, employment and exports between 2002 and 2008. 
1 It is important to mention that some of the larger Brazilian shoe making companies moved 
their manufacturing activities to China, retaining the shoe design part of the production line 
in Brazil. An interesting piece of research on this topic is presently being carried out by Cintia 
Kulzer in Oxford as part of her doctoral dissertation. 
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After abandoning the SCRER regime, Argentina returned to the tradi-
tional foreign exchange constraint that characterized its "inward-orient-
ed" industrialization model in the immediate post war era. The appre-
ciation of the real exchange became significant in 2011 and thereafter 
[Castineira (2012)]. 
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Source: Econométrica S.A., based in Mecon. 
 Brazil and Chile on the other hand suffered of the Dutch Disease 
syndrome with varying degree of intensity. They both saw their compet-
itiveness in manufacturing eroding rapidly, and the industrial sector los-
ing share in GDP, while non-tradable activities gained participation. World 
prices and Chinese demand for copper, iron and steel, pulp and paper, soy-
bean oil and more remained high, but signs of an increasing "commod-
itization" of their export mix became evident. Imports of capital goods 
expanded fast favoring an increasingly negative trade balance. Although 
both countries succeeded in keeping inflation at bay, they could not avoid 
the appreciation of their currency affecting the structure of the economy 
in the 2000s, with manufacturing losing ground within aggregate GDP 
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and external competitiveness being increasingly concentrated in natural 
resource based commodities. 
THE EVIDENCE SO FAR PRESENTED PERMITS US TO 
DRAW SOME CONCLUSIONS 
The SCRER regime permitted Argentina to attain rapid GDP growth be-
tween 2002 and 2008. The industrial sector recovered dynamism and par-
ticipation in GDP, induced both by the expansion of domestic aggregate 
demand and by exports. Employment grew quite fast with around four 
million new jobs being created during this period. Although the effect 
could be felt across manufacturing activities it was particularly strong in 
vehicles, textile, pharmaceutical and foodstuffs, i.e. industries of low and 
medium high technological sophistication. The expansion was not asso-
ciated, however, with investment in new and more modern production 
facilities which would have permitted Argentina gradually to close the gap 
with the international productivity frontier. Rather, "old" plants – 1980 
vintage – were revitalized after the currency devaluation to take advantage 
of the expanding domestic market and also increasing exports. So, even in 
the context of a SCRER and of an expanding domestic economy, Argentine 
entrepreneurs did not respond by proceeding into more technology inten-
sive activities, bringing on board more innovation, R&D and knowledge 
generation efforts. They opted instead for maintaining under operation 
their old production facilities, marginally upgrading them through capital 
goods imports. Neither did the government resort to an industrial policy 
inducing firms to explore the option of faster technological modernization 
and of variety creation – new sectors of economic activity – as we saw 
happening in numerous occasions in some of the Asian economies in the 
1980s [Kim (1997)]. As the economy expanded faster capital goods im-
ports increased more than proportionally becoming a heavy burden upon 
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the external trade balance. Even sectors that responded well in terms of 
increasing exports – such as automobiles and pharmaceuticals – exhibit an 
increasingly negative external balance. The loss of foreign reserves result-
ing from the 2009 international financial crisis – see Figure 4 – brought 
the SCRER regime to an end forcing the government to accept an in-
flationary tax to cover its increasingly weak financial position. Lacking a 
more adequate set of monetary and fiscal anti cyclical policies and also 
lacking a pro-active industrial policy fostering innovation, variety creation, 
productivity growth and "technological deepening," Argentina saw the 
2002-2008 bonanza pass by without much benefiting from it. 
On the other hand, the appreciation of the exchange rate resulted in a 
decaying manufacturing performance in Chile and in Brazil, favoring the 
increasing "commoditization" of exports and the expansion of non-trad-
able activities. Lacking adequate anticyclical monetary and fiscal policies 
and also a pro-active industrial policy inducing innovation and technolog-
ical deepening, the two countries ended up negatively affecting the long 
term technological deepness of the economy. 
We can conclude the present section by arguing that natural re-
source-based growth demands not only adequate anticyclical monetary 
and fiscal policies, but also sector specific industrial policies inducing inno-
vation and productivity growth and the creation of domestic technological 
capabilities, if GDP growth is to be accompanied by structural change, 
innovation and technological deepening in the economy. None of the 
three countries hereby examined adequately combined macro and micro 
interventions favoring innovation, variety creation and the closing up of 
the international productivity gap.2 
2 It should be noted that natural resource based industries o!er signi"cant opportunities – 
through the biotechnologies, Information and Communications Technologies (ICTs), agro-
chemicals, GM products and more – to move into high value added intermediate products and 
production services.
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Adequate macro management – i.e. keeping inflation at bay – appears 
as a necessary but not sufficient condition for conducting the economy 
into a growth path of increasing technological sophistication and of better 
inception in world markets [Ocampo (2011)]. A SCRER and sector-specific 
industrial policies are needed if the technological gap is to be reduced. 
I am pretty sure this conclusion would not have much surprised Fabio’s 
eclectic views on issues of innovation and catch up policies. It is somewhat 
reassuring to feel that way. 
 
NATURAL RESOURCE BASED GROWTH  
AND THE "TRAGEDY OF THE COMMONS"
Our previous section has looked at macroeconomic aspects associated to 
natural resource based growth. In this section we examine sector-specific 
and micro issues associated to such growth strategy.
Natural resource based industries are different from manufacturing 
activities primarily because many of them intensively use inputs which 
have a certain amount of "publicness." Natural resource based indus-
tries affect long term environmental sustainability, biodiversity, soil fertil-
ity and erosion, climate, "greenhouse" effects, and more. This opens up 
new industrial organization and sectoral governance policy issues which 
are far less important in conventional manufacturing spheres. When two 
aquaculture firms cultivate salmon in the same coastal area they both 
share on the use of the same water. There is no way of stopping the 
"horizontal transmission" of vectors and pathogens among them. Public 
Sector regulation and "collective action" for the protection of the san-
itary and environmental sustainability of the resource becomes a major 
feature of market governance in cases of this sort. Profit maximizing 
firms as those found in price theory books just do not take these ef-
fects into account. When genetically modified soybean is produced in 
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any given region there is no way of stopping biodiversity to be nega-
tively affected in that region, let alone the decline in soil fertility and 
the increase in soil erosion. World market prices for soybean do not pay 
for this depletion effect. Irrigation water, biodiversity, environmental ser-
vices, climate change, soil erosion and fertility, share an element of "pub-
licness" which market prices do not reflect well and which influence the 
behavior of economic agents when trying to maximize private benefits. 
These market scenarios are more difficult to discipline than conventional 
markets given the above mentioned publicness of the natural resource 
being used. Profit maximizing firms can be expected to develop a nat-
ural tendency to overexploit the "common" and received literature has 
extensively explored regulatory aspects and "collective action" arrange-
ments substituting for the disciplinary role of markets. In our next section 
we illustrate some of the emerging new issues by looking at salmon 
farming in Chile and soybean production in Argentina. 
Case studies on salmon farming  
and soybean production
Salmon farming in Chile
Salmon is an exotic species in Chile. It was incepted locally late in the 
1970s and early 1980s through a Public Sector program conducted by 
Fundación Chile – a public/private R&D and knowledge-generation agen-
cy – in close collaboration with various US and Canadian academic insti-
tutions, and Japan International Cooperation Agency (JICA), from Japan. 
The industry attained rapid expansion throughout the 1990s, but it is only 
in the 2000s that it closed the gap with the international leader in salmon 
farming – Norway – producing close to 700.000 tons annually, i.e. one 
third of total world output of cultivated salmon. Figure 5 provides evi-
dence to this effect.
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Source: Katz & Iizuka (2011).
Salmon farming started in Chile mostly as an industry of domestic small 
and medium enterprises (SME), which gradually developed significant local 
production and technological capabilities through learning by doing, accu-
mulating tacit knowledge in many areas such as the construction of cultiva-
tion tanks, net cleaning and disposal of mortalities, vaccination and more. 
Foreign capital only entered the industry in a big way one decade later, when 
much of the uncertainties surrounding the likelihood of Chile becoming an 
important producer and exporter of cultivated salmon had been eliminated 
by timely intervention of Fundacion Chile. By 2007, Chile was producing 
roughly the same volume of output as Norway, but it was doing it in a coast-
al area which was four times smaller than the coastal area employed by the 
Scandinavian country. This involved much higher degree of proximity among 
cultivation centers, and bigger cultivation tanks than in Norway [Katz & Iizu-
ka (2011)]. The much higher degree of geographical concentration resulted 
from the lack of social infrastructure – schools, health centers, telecommu-
nication services and more – in Chile, which forced salmon farmers to estab-
lish their production facilities closer to more populated areas admitting the 
cost of being closer to one another, and also sharing on the use of docks 
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and coastal space with the tourist industry, artisanal fishermen and more. 
This facilitated the "horizontal transmission" of germs and pathogens, 
which became a critical issue as output expanded. It finally turned into a 
crisis in 2008 with the diffusion of ISA, a viral disease which kills salmons 
affecting their auto-immune response, although it does not affect human 
beings. The rapid expansion of output in a very small coastal area and 
high fish density in the cultivation tanks – induced by high world prices for 
salmon which were obtained as a consequence of the avian flu in Europe – 
explain the diffusion of new diseases throughout the 2000s which we 
notice in Figure 6.




















































































































Source: Katz & Iizuka (2011).
The increasing deterioration of the common helps to explain the down-
fall of various biological and economic productivity indicators, as reflected 
in Table 1.
By 2009, and after the outburst of ISA in 2008, industry output had 
fallen to about one half of the volume attained in 2007, with close to 60% 
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of the cultivation tanks being out of production. Millions of fish had to be 
slaughtered, exports contracted sharply to around one half of the value 
attained in 2007, and some 25 thousand workers lost their jobs as a result 
of the sanitary and environmental crisis. Many villages in Southern Chile, 
in which 90% or more of the population was employed by the salmon 
industry, found their social and economic life deeply disrupted, with most 
of the population out of work. The crisis attained systemic nature when 
the banking sector announced that it was no longer prepared to bail out 
the industry as its working capital – fish in the cultivation tanks – had evap-
orated and they no longer were credit worth. The standing debt of the 
industry with the banking sector approximately reached one year worth of 
exports [Katz & Iizuka (2011)]. 
Table 1: Falling biological and economic indicators reecting 
mismanagement of the common 
2003 2004 2005 2006 2007
Total kg  
of salmon
71,856 76,968 82,838 102,015 250,000
kg/smolt 3.71 3.66 3.57 3.34 3.14
kg/salmon egg 1.30 1.28 1.25 1.17 1.10
Average salmon 
weight
4,444 4,558 4,342 4,219 4,130
Economic 
conversion factor
1.36 1.40 1.38 1.42 1.52
Biological 
conversion factor




487 497 484 488 543
Source: Katz & Iizuka (2011).
What had gone wrong? Neither "collective action" from the part of 
firms aiming at protecting the sanitary and environmental conditions un-
der which salmon was being produced, nor an adequate regulatory regime 
involving public sector fiscalization of firm behavior developed during the 
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years of rapid industrial expansion. Nothing succeeds more than success, 
and nobody thought it fit to fiscalize an industry which was growing at 
two digit rates for well over a decade. Very few people understood at that 
time that the industry was running into a crisis of over-exploitation of the 
"common" much of the sort Hardin described in his 1968 Science paper on 
the Tragedy of the Commons, where he suggests that situations of this sort 
might develop when individual profit maximization induces firms to over-ex-
ploit the common leading towards the global failure of the industry. In a 
much celebrated book on the Governing of the Commons, E. Ostrom takes 
issue with Hardin’s argument showing that in many different societies and 
through quite different processes, communities that base their subsistence 
on the exploitation of a "common" often develop different forms of "col-
lective action" addressing the protection of the resource [Ostrom (1990)].
The Chilean salmon farming case illustrates a situation in which nor 
"collective action" from the part of firms, neither regulatory intervention 
from the part of government could stop the impending crisis biologists, 
veterinarians and workers in the cultivation tanks saw coming up for quite 
some time. It is only economists and company administrators, fascinated 
with the rapidly expanding cash flow the industry was exhibiting, that 
failed to understand the magnitude of the impending crisis. 
This case illustrates well the fact that it is not just production technolo-
gies that matter when it comes to grow on the basis of natural resources. 
"Social technologies," i.e. Forms of social organization and intangible "so-
cial capital," are also needed to secure the long term sustainability of the 
"common" [Nelson (1998); Katz & Iizuka (2011); Ostrom (1990)]. Social 
technologies and "collective action" are difficult to bring from abroad. 
They normally involve a long process of trust creation and social inter-
actions which are local and sector-specific. What is the optimal "load-
ing capacity" of the "common," which are the more appropriate sanitary 
and environmental protection routines to be followed, how much do I 
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believe my neighbor when he discloses information concerning the rate 
and sources of fish mortality in his cultivation tanks, and much more, con-
stitute "location-specific" attributes that cannot be imported or answered 
on the basis of external know-how. In situ R&D and experimental activities 
are needed, trust and community values need to develop if production 
and technological capabilities are to grow hand in hand with a sustainable 
use of the "common" [Katz & Iizuka (2011)]. Again, we confront here 
the difference between developing production capacity and technological 
competence, as previously mentioned in the paper. 
The 2008 sanitary and environmental crisis had a tremendous impact 
upon Chilean salmon farming, from which nor the industry neither Public 
Sector regulatory agencies have yet entirely recovered. Many production or-
ganization routines have changed at the individual firm level, as companies 
try to do things better, but not very much has yet happened in terms of 
new forms of "collective action" emerging addressing the protection of the 
common. Moreover, although location-specific’ R&D efforts have increased, 
the numbers are still minute vis-à-vis what is required. Equally so, the legal 
and regulatory environment has been strengthened through various new 
laws and forms of fiscalization3 but it is difficult to conclude that the govern-
ment has attained a significantly better degree of control over the industry, 
and that a new cooperative public/private atmosphere has been established. 
Changes in patterns of social interaction and in production organization 
take time to be developed and it is by no means obvious that this is taking 
place at a pace that will successfully bring on board new industry routines 
and government surveillance practices that could maintain under control 
the ever changing biological mutation viruses, pathogens and diseases un-
dergo tough time. We face here a peculiar long interaction between the 
ecology – that expresses itself through the recurrent mutation of viruses and 
3 Available at: http://www.aqua.cl.
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pathogens – and social organization which results in more collective action, 
trust and better public/private collaboration arrangements. There is nothing 
to tell us how this long term dialogue is to result in the future of Chilean 
salmon farming but there is no doubt that better collective action and more 
regulation are needed if the country is to attain rapid growth and a more 
sustainable inception in world markets. 
 
Soybean production in Argentina
Throughout the 1990s, Argentine agricultural production underwent a tre-
mendous transformation. The production of grains increased from 26 mil-
lion tons in 1988-1989 to over 75 million tons in 2002-2003, reaching close 
to 100 million tons by the end of the decade. Within this global picture the 
dramatic expansion of genetically modified soybean, i.e., herbicide-tolerant 
varieties of the grain, constitutes a quiet social, institutional and production 
organization "revolution" by itself, which deeply affected not just the struc-
ture and behavior of the agricultural sector, but also many other macro and 
micro dimensions of the Argentine economy. In the hip of success – as we 
saw this happening in the case of Chilean salmon farming – many dimen-
sions related to the environmental and social impact of these new technolo-
gies have not yet been adequately explored and evaluated. 
In the short period of five years GM soybean reached 90% of total 
soybean production in the country, making Argentina second to the USA 
as far as total volume of production of GM soybean is concerned. The 
area sown with herbicide-tolerant soybean increased from less than 1% 
of the total area planted in 1996-1997 to well over 90% of the more than 
12 million hectares planted in 2001-2002. Production reached nearly 40 
million metric tons. A variety of reasons come together explaining why this 
"virtuous cycle" of technological "deepening" and social and institutional 
transformation occurred [Trigo & Cap (2003)]. 
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Access to GM soybean varieties – not based on local research and de-
velopment efforts, but rather on imported seed brought by multinational 
corporations (MNCs) which were the first to carry field trials locally, the 
flexibility Argentine regulatory institutions exhibited permiting new GM 
varieties to be tried in the national territory (something which did not 
happened in other countries, Brazil, for example), the concomitant difu-
sion of the no-tillage production model, which facilitates the incorporation 
of double-cropping soybean in areas where only one crop was planted 
before the availability of GM seeds, cost reductions resulting from lower 
energy and labour costs that obtain from more effective weed manage-
ment, significant reductions in the price of glyphosate – the herbicide used 
with transgenic soybean varieties –, the fact that farmers could use seeds 
reproduced in their fields and did not have to pay royalties to access the 
new varieties (as Argentina signed Agreement 78 of the Protection of New 
Varieties of Plant Agreement and not UPOV 91 which makes seeds more 
expensive by granting more market power to the technology owning com-
panies),4 and more, help to explain why GM varieties became so easily ac-
cepted by local farmers and diffused so rapidly. They significantly improved 
farmers’ profits. This also explains two other aspects which need to be tak-
en into consideration. First, lower cost and high unit gross margins associ-
ated to GM soybean production induced many farmers to substitute other 
agricultural activities, such as cattle-raising and dairy production for GM 
soybean. W. Pangue argues that "soybean production has, in the last five 
years, displaced 4.6 million hectares of land dedicated to other produc-
tion systems such as dairy, fruit trees, horticulture, cattle and some grain" 
[Pangue (2005)]. We should notice that this involves a negative impact 
upon biodiversity affecting the country’s foodstuff exports. Second, the 
expansion of production not only induced a more "intensive" agriculture – 
4 Soybean is a self-pollinated species and this allows farmers to maintain the genetic quality of 
the saved seeds but it encourages illegal uses of the technology.
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higher output per hectare – in the Argentine Pampas, where more than 
50 million hectares of excellent arable lands are available, but induced 
farmers to expand into more environmentally sensitive areas such as the 
rain forest of Yungas or Chaco, where land is somewhat cheaper than in 
high yield areas of the Pampas. After arguing that the Pampas prairie is not 
homogeneous in soil, weather or biodiversity, W. Pangue concludes that 
"it is in these areas (the environmentally more sensitive and less expensive 
regions of the prairie) that transgenic soybean and cero-tillage agriculture 
started to spread" [Pangue (2005, p. 315)]. He indicates that an additional 
4.5 million hectares have been brought into production in these margin-
al areas. As more frail areas of the prairie are brought into production 
increasing problems of soil erosion develop with negative consequences 
upon climate and desertification. 
In addition to the above, the parallel expansion of "contract agricul-
ture" with independent subcontractors taking an increasing share of the 
annually planted area, also favored the rapid diffusion of the new tech-
nology and the gradual transformation of the rural sector in Argentina. 
Farmers are no longer farmers in the traditional sense. Many of them have 
turned into rentiers who annually lease their land to subcontracting com-
panies which now manage the whole operation form planting to har-
vest. These subcontractors are firms combining state of the art knowledge 
coming from agronomists and engineers and financial might coming from 
banks. An incredible amount of richness has fallen over the Pampas and 
the price of land has increased dramatically. Soybean has become synony-
mous of richness in Argentina, as petroleum once was in Texas.
GM technologies, no tillage production practices and "contract agri-
culture" help to explain the successful expansion the Argentina economy 
attained during the past decade. Lower production costs, higher produc-
tivity per hectare and a rapidly expanding area planted with GM soybean 
explain the dramatic success this new technology has had in Argentina. 
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But, is this more "intensive" agriculture neutral from the point of view 
of the environment? Consider, in particular, aspects of soil fertility and 
erosion and of biodiversity. This is a major, and yet unresolved, area of 
academic controversy. Some authors argue that "the cumulative effects of 
soil erosion resulting from conventional tillage practices were beginning to 
negatively affect the operating results of farms" [Trigo & Cap (2003)]. Mov-
ing on to zero tillage production practices and herbicide-tolerant soybean 
involved a positive change in production routines which has reduced – 
according to these authors – the degree of soil erosion associated to more 
conventional production methods. Moreover, glyphosate – the herbicide 
used with GM soybean – has been shown to be environmentally neutral 
due to the lack of a residual effect, as it rapidly degrades in the soil. So, this 
also represents, according to the above mentioned authors, an important 
advantage particularly when compared with atrazine, the herbicide that 
was mostly used before, that has residual effects and negatively affects 
the environment. Gliphoside has substituted atrazine, this being a further 
advantage of the new technology. Finally, Trigo and Cap argue that zero 
tillage practices not only have had a significant impact upon the recovery 
of soil fertility but also have other potentially positive externalities, such 
as for example the reduction of greenhouse effect. Given all of the above 
they conclude that the GM technology is environmentally-friendly.
An alternative point of view also exists, arguing that a more intensive agri-
culture depletes the soil of its natural nutrients and damages the natural recy-
cling of nutrients that it obtains when a conventional crop and cattle rotation 
production routine is followed by farmers. In this connection ecological econ-
omists [Douai et al. (2012)] would argue that Argentina is exporting a con-
siderable amount of soil nutrients – nitrogen, phosphorous and potassium – 
together with its exported grains, and that such transfer is not being replen-
ished. Speaking as from this perspective Martinez Alier and Oliveras consider 
that there is an "ecological debt" resulting from soil depletion, which is not 
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being accounted for by market prices [Pangue (2005, p. 317)]. Following such 
line of reasoning, W. Pangue estimates that "if the natural depletion were 
compensated with mineral fertilizers, Argentina would need around 1.1 mil-
lion metric tons of phosphorous fertilizers at a cost of US$ 330 million in the 
international market" to pay for the depletion of soil fertility [Pangue (2003)]. 
A decaying quality of Argentine soils, an increasing rate of de-forestation as 
GM soybean production invades previously forested land, loss of biodiversity 
and greenhouse effects and climate change are among the negative external-
ities ecological economists bring to the fore when they evaluate the long term 
impact of the rapid diffusion of GM soybean. 
Obviously this is an open ended, debate. While the dispute is going on, 
no one in Argentina would argue for stopping the dramatic expansion of 
GM soybean production. High world prices for soybean, a rapidly expand-
ing world demand – mostly coming from China and other Asian econ-
omies – and an increasing need for foreign currency and fiscal revenue, 
constitute powerful enough reasons not to expect that the present status 
quo is to change significantly in the near future. The potentially long term 
environmental consequences of GM soybean expanding even further are 
to remain just as long term consequences not many people would be in-
clined to revise under present circumstances. The obvious intergeneration-
al conflict hereby involved will probably be left for future consideration. 
An overview: what are the main issues?
Having looked at salmon farming in Chile and soybean production in Argen-
tina as examples of production areas in which the intensive use of "com-
mons" opens up new questions related to sanitary and environmental sus-
tainability, to "collective action" aiming at the protection of the "common," 
to public sector regulatory capacity, and to inter-generational preferences 
in the use of environmental services, we can now draw a few conclusions.
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Growing on the basis of natural resources brings to the fore important 
issues related to the use of "commons" which have not yet been adequately 
researched. What is the equilibrium price for environmental services in com-
mons which are simultaneously being used by different sectors in the econo-
my such as industry, tourism, artisanal fishermen, local original people? How 
should royalties and "shadow prices" be used to account for the value of 
environmental services, especially so when market and non-market elements 
are involved, as in the case of the "common" being the homeland of origi-
nal people which have lived there since pre-Colonial times? How should we 
account for the loss of biodiversity, the decay in soil fertility or the increase 
in greenhouse effects? In many of these areas we still lack knowledge and 
understanding as to what the impact is of growing on the basis of a more 
intensive exploitation of natural resources. Moreover, as E. Ostrom pointed 
out "these resources are embedded in complex social-ecological systems, 
composed of multiple subsystems in which scientific knowledge is needed, 
but ecological and social sciences have developed independently and do not 
combine easily" [Ostrom (2009)]. More research and further involvement of 
local communities is needed to better understand how to deal with these 
complex new issues. Biological, health and environmental forces interact in 
complex ways we still scarcely understand and new forms of dialogue among 
these disciplines seem to be needed before public policy can be designed 
and implemented. Conventional market models do not illuminate well many 
of these issues. Moreover, we know very little as to how to develop collec-
tive action and social capital protecting commons and outcome seems to 
be highly location-specific [Poteete & Ostrom (2004)]. We are also far from 
having adequate Public Sector strategies to deal with these questions. Said 
strategies not only demand adequate data and legal norms but also a strong 
enforcing capacity from the part of public sector agencies which many de-
veloping countries normally lack. In spite of the above, it is nonetheless clear 
that a long-term national strategy is needed if natural resource based growth 
is to continue as a central element in Latin American future growth. 
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CONCLUDING REMARKS
Growing on the basis of natural resources brings to the fore a complex 
set of new questions which demand urgent examination. Some of these 
questions belong at the macro level whereas others involve issues of mi-
croeconomic and sectoral nature. 
Considering first questions of macroeconomic management, we notice 
that most countries in the region have in recent years opted for inflation 
targeting regimes, a floating exchange rate and an open capital account. 
They have done so out of "fear-of-inflation" and of bad risk rating from 
the part of international financial agents, but that has resulted in curren-
cy appreciation, increasing "commoditization" of exports and decay of 
manufacturing activities, particularly so in the more knowledge intensive 
segments of the industrial sector. 
On the other hand, a SCRER has been shown to induce more rapid 
growth of GDP, expansion of exports on a much wider spectrum of indus-
tries and faster manufacturing growth, but did not constitute a sufficiently 
strong instrument to induce innovation and catch up in more sophisticated 
areas of manufacturing. Nor a floating exchange regime neither an admin-
istrated exchange policy has been successful in inducing entrepreneurs in 
Argentina, Brazil and Chile into innovation, more R&D expenditure, and 
the erection of green field production facilities catching up with the in-
ternational technological frontier. In the first case the appreciation of the 
local currency has been shown to discourage investment and innovative 
efforts. In the second one, although a SCRER has been important revitaliz-
ing growth and exports, it was not sufficient to induce firms into expensive 
and uncertain R&D and innovative efforts. Sector-specific industrial policies 
seem to be required if firms which are further away from the frontier are 
to be induced to close the gap [Lee (2011)]. The Korean and Taiwanese 
experience shows how important sector-specific interventions were in the 
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1980s for firms like Samsung, LG or Hyundai when they were trying to 
catch up with world class status [Rasiah (2007)]. 
On the other hand, inflation targeting policies succeeded in curbing 
inflation in Brazil and Chile but they could not avoid the economy evolv-
ing into non-tradable activities and into further "commoditization." The 
macro policy regime ended up affecting the long term competitiveness 
of more knowledge intensive manufacturing activities [Nassif, Feijó and 
Araújo (2011, p. 9)]. 
If the objective of closing up the technological lag and inducing inno-
vation and more R&D efforts in the economy is to be given priority, we 
conclude that the debate as to whether to opt for an inflation targeting 
regime, floating the local currency, or to use a SCRER seems somewhat 
simplistic. Received theory in this field is based on general equilibrium prin-
ciples and leaves out of consideration the fact that large productivity dif-
ferentials prevail across industries vis-à-vis the international frontier. Neu-
tral market signals can not capture said differentials and can not therefore 
act as an adequate incentive in the case of firms placed further away from 
the frontier inducing them into risky and uncertain long term investment 
and innovative efforts. Our friend Fabio understood that all along and it 
is fair this to be explicitly recognized. A SCRER might bring more exports, 
but catching up with the frontier probably involves a pro-active industrial 
policy and the appropriate set of institutions that comes with it.
We then move into micro aspects related to the governance of "com-
mons," the creation of "collective action" and of government regula-
tory capacity to supplement for the role of markets acquire paramount 
importance. We have seen that a complex interaction obtains between 
ecological, economic and institutional forces that develop independently 
and do not combine easily. How to design and enforce long term Na-
tional Strategies aiming at the sustainable use of natural resources is 
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an urgent need in most Latin American countries. R&D and knowledge 
generation efforts looking at location-specific issues of optimal loading 
capacity and environmental sustainability should be made a central part 
of said National Strategy. What the regulatory role of the Public Sec-
tor should be and how to secure adequate enforceable and fiscalization 
capacity in circumstances in which Public Sector agencies have a long 
tradition of weakness, also appears as a major policy question for ur-
gent consideration. Building up collective action, trust and public/private 
cooperation in relation to the long term sustainability of commons, de-
veloping institutional fairness with the original people which have been 
living in many of the commons since pre-colonial times also appear as 
areas in which Latin American development policies will have to improve 
in the years ahead. The above are not social capabilities a country can 
bring from abroad. They need patiently to be developed locally through 
an unavoidable process of trial and error. 
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